high risk who are to undergo emergency or elective surgery and those patients seen soon after operation or major trauma, in whom renal failure might be expected. The former group includes those undergoing resection of aortic aneurysm and patients with severe jaundice, mesenteric vascular occlusion or septicemia, especially if they require surgery.
A convenient regime for the patients at high risk is the following: 500 ml of 10% mannitol is infused, beginning two hours before operation. The urine output is maintained between 0 5 and 1 ml per minute over the next forty-eight hours, using 5% mannitol; this in practice requires between 0 5 and 1 litre of the 5 % solution in each twenty-four-hour period. In the second group of patients, where the risk of renal failure is already present, e.g. major trauma or severe bums, the important thing is to measure the urine flow hourly and, if it falls below 0 5 ml/min, in addition to the urgent restoration of the circulating volume, an infusion of 10% mannitol should be started. This usually produces a diuresis within the next hour; if not, a test dose of 50 ml of a 25 % solution of mannitol may be given; this is usually sufficient to break through any pre-renal cause for anuria and will produce a diuretic response within the next hour or so. If this test dose fails to produce a diuresis, the patient may have already developed acute renal failure and further investigations should be undertaken to confirm this diagnosis. Clin. Sci.12, 175 Wickbam J E A & Sharma G P (1965)Lanceti, 195 Dr A C Kennedy (University Department ofMedicine, Royal Infirmary, Glasgow) Acute Renal Failure and the Anaesthetist Acute renal failure grows less common owing to better understanding of some of the factors which may cause it but it remains an important complication of many serious medical, surgical and obstetric conditions. The anesthetist may be intimately involved in the management of such patients and it is essential that he have a clear appreciation of prevention, recognition and early management (Luke & Kennedy 1967) .
Types of acute renal failure: The conventional classification of acute renal failure into pre-renal, renal, and post-renal remains valuable.
Post-renal failure is not uncommonly occult and must always be thought of, particularly if the patient is anuric rather than oliguric. A history of calculi, of recent pelvic surgery or radiation, the presence of palpable or tender kidneys are all useful clinical points; pelvic examination in women is essential since carcinoma of the cervix may be silent. Isotope renography is a useful additional investigation. In the early stages of obstruction there is failure of the curve to fall in the excretory phase; after about 48-72 hours the renogram curve may become flat but this does not necessarily mean permanent loss ofrenal function. A straight X-ray of abdomen, cystoscopy and retrograde ureteric catheterization, limited to one side if it is found to be unobstructed, are required in most cases.
Diminished circulating blood volume, antsthesia (de Wardener 1961), surgery and a fall in cardiac output all lead to a fall in glomerular filtration rate. In addition, there is increased tubular reabsorption and increased aldosterone and ADH activity. In consequence, the urine will be of small volume, concentrated and will have a high urea content and a high osmolality. Physiological oliguria merges into pre-renal or circulatory renalfailure if the pre-disposing factors are sufficiently marked; this in turn will merge into what is commonly termed acute tubular necrosis if these factors are still more marked and remain uncorrected. Although the term acute tubular necrosis is still very widely used and is seldom misunderstood in a clinical sense, there is considerable awareness that it is not an accurate term in the pathological sense (Sevitt 1959 , Finckh et al. 1962 ) and many renal units prefer such terms as acute ischemic renal failure or acute reversible intrinsic renal failure; we prefer the latter (Luke & Kennedy 1967) . The wetiology of acute reversible intrinsic renalfailure usually consists of a combination of reduced renal blood flow and exposure of the renal parenchyma to toxic substances; the clinical situations which can produce such factors are diverse and the relative importance of each factor in a given case will vary.
It should also be remembered that acute progressive glomerulonephritis, polyarteritis nodosa, malignant hypertension, bilateral renal infarction and toxemia of pregnancy may cause acute renal failure. The clinical features often permit differentiation from acute reversible intrinsic renal failure but renal biopsy is often required for confirmation.
Pre-renal or renal failure? Recognition of the dividing line between severe pre-renal failure (still reversible by correction of deficits of fluid, blood and/or electrolytes) and acute reversible intrinsic renal failure (acute tubular necrosis) is of great practical importance but it is essential to realize that the division is seldom a rigid one; the one condition may merge into the other. In our experience proteinuria is not a reliable guide nor is urine microscopy. Urine sodium concentrations were reported to be high in acute tubular necrosis by Bull et al. (1950) but others have reported wide variations in the range of levels found (Roscoe 1964 , Platts 1966 and it is our experience that the sodium concentration is of little diagnostic value. The urine urea concentration is of definite value and Molloy (1962) states that if it is less than 1 g/100 ml in the oliguric post-operative patient, acute tubular necrosis may be predicted, whereas high levels suggest pre-renal oliguria. Urine specific gravity is a less exact diagnostic guide but a specific gravity of less than 1 014 suggests acute tubular necrosis (Shackman et al. 1960 ) and a value of more than 1-016 suggests pre-renal oliguria. Some believe that elevation of the blood urea over 150-200 mg/100 ml suggests renal rather than pre-renal failure but we have observed several patients with undoubted pre-renal failure in whom the blood urea was at much higher levels and in whom prompt diuresis occurred following replacement of deficits (Luke & Kennedy 1967) . Estimations of the ratio of the urine/plasma osmolality and the urine/plasma urea have Table 1 Differentiation of pre-renal from renal oliguria on basis of urine/plasma (U/P) osmolality and urea ratios U/P U/P osintolality urea r-atio ratio Pre-renal >2 :1 >20 :I Renal(early) <1 7: 1 <14: 1 Renal(late) <1 1:1 < 5 :1 received considerable attention in recent years (Eliahou & Bata 1965 , Luke et al. 1965 ) and in our view are of very great value in assessing the differentiation between pre-renal and renal oliguria ( Table 1) .
Prevention of acute reversible intrinsic renal failure: Early and efficient treatment of the primary abnormality is essential and deficits of fluid, electrolytes, plasma and blood may be of much greater magnitude than previously recognized, so replacement must be adequate. Monitoring of the central venous pressure is a useful addition to th guidance obtained from history, clinical features, haematocrit, electrolytes and plasma protein concentration. Occult septicamia must always be borne in mind and, especially in the elderly, cardiac failure should be looked for and treated if necessary. If the oliguria is not quickly corrected by appropriate replacement therapy, consideration should be given to the use of mannitol; in the patient who is oliguric following an actual or potential renal insult the following regime is suggested:
(1) Prompt and full treatment of the primary abnormality.
(2) Measurement of the urine/plasma (U/P) urea and osmolality ratios.
(3) If the U/P osmolality ratio is less than 2:1 or the U/P urea ratio is less than 14:1, an indwelling bladder catheter with closed drainage should be inserted in order to permit observation of hourly urine volumes (bladder washout with a 1 in 10,000 solution of chlorhexidine is subsequently carried out).
(4) If less than about forty-eight hours has elapsed since the onset incident and if the U/P osmolality ratio is greater than 115:1 or the U/P urea ratio is less than 14:1, up to 3 lots of 100 ml of 20o% mannitol should be given, each over 10-20 minutes at two-hourly intervals until the urine volume is 50 ml per hour or more.
(5) If the urine volume does not increase after mannitol, the standard measures for acute reversible intrinsic renal failure should be established.
Mannitol is also of value in promoting an osmotic diuresis in high-risk situations such as abdominal vascular surgery near the renal arteries , Luck & Irvine 1965 , during operations on jaundiced patients , and on heart/lung bypass (Etheredge et al. 1965) . Mannitol is also beneficial in oliguria due to nephrotoxins such as sulphonamides, uric acid (Barry et al. 1963 (Pak 1963) , carbon tetrachloride poisoning (Stewart et al. 1963 ) and ethylene glycol poisoning. It has also been advocated in the acute renal failure which may foflow the use of low molecular weight dextran (Mailloux et al. 1967) .
The mode of action of mannitol has been discussed in detail by many workers (Moore 1963 , Murphy et al. 1963a , b, Braun & Lilienfield 1963 , Mueller 1965 , Goldberg & Lilienfield 1965 . It is probable that the two main effects are a renal vascular effect on one hand and the tubular flushing effect on the other hand. The possible interrelationships of these actions is shown in Fig 1. Other suggestions for the action of mannitol include prevention of tubular collapse under the action of increased interstitial pressure (Merrill 1965) , maintenance of urine flow in the region of the macula densa thus interfering with the release of an intrarenal vasoconstrictor (Thurau 1964) and prevention of accumulation of ammonia in the tubule cell (Wickham & Sharma 1965) .
The established case: From the nature of the common precipitating factors the aneasthetist is not uncommonly involved in the early management of the patient with potential or actual acute renal failure. He may also become involved in the subsequent management, e.g. in traumatic or post-operative cases where further surgery is required; so it is desirable that he have a clear appreciation of current therapy including the relative roles of heemodialysis and peritoneal dialysis and the importance of the experience of the renal failure group (Blagg 1967 , Luke & Kennedy 1967 . Dialysis is now such a routine procedure that, if surgical intervention is required when the renal shutdown is still present, it should never be withheld. The operation and the anesthetic will definitely lead to yet a further increase in catabolism, which will almost certainly increase the frequency of dialysesbut the arteriovenous shunt has simplified multiple dialyses. Prophylactic mannitol is advocated if surgical intervention and an anesthetic are required in the early recovery phase when, although the urine volume may have risen to normal, kidney function is still significantly impaired.
Dr G S Crockett (Kettering) said it was likely that patients on home dialysis would appear at their local hospitals with acute surgical emergencies. Every anesthetist must therefore be familiar with the problems of anmsthetizing the patient on chronic dialysis. These problems included those connected with the drugs the patients would be on, and most would be on anticoagulants and many on hypotensives as well. Epidural block with lignocaine was a safe anvsthetic for such cases. The 'shunt' must not be interfered with, or used as an access to the circulation.
Professor J D Robertson (Edinburgh Royal Infirmary) presented a paper on Anaesthetic Aspects of Chronic Renal Failure.
